Abstract. The problems of stability for a class of the singularly perturbed stochastic systems with discrete and distributed delays are studied. By using a Lyapunov-Krasovskii functional approach and terms of linear matrix inequalities (LMIs), stability in mean square criteria ensuring asymptotically stability of the singularly perturbed stochastic systems with discrete and distributed delays are established. New asymptotically stable in mean square criteria for the singularly perturbed stochastic systems with time-varying delay are obtained as well. Finally, the validity of the obtained results is shown by a numerical example.
Introduction
Singularly perturbed systems often occur naturally in many branches of applied mathematics and practical engineering, such as fluid dynamics, elasticity, chemical reactor theory, flight, missile, see [1] , [2] and the references therein. Since time delay exists commonly in dynamic systems and is frequently a source of instability, oscillation, and poor performance, much work has been done about time-delay differential systems. Singular parameter and stochastic perturbations are both unavoidable in many physical systems. During the past decades, the robust stability and control problem for singularly perturbed stochastic delayed systems has been extensively investigated in [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . For example, robustness of exponential stability of stochastic differential delay equations is first considered in [7] . Delay-dependent stability for a class of stochastic systems with time delay and nonlinear uncertainties is studied in [13] . The problem of delay-dependent stability in the mean square sense for stochastic systems with time-varying delays, Markovian switching, and nonlinearities are also investigated in [12] . Then the exponential stability in mean square for stochastic systems with multiple delays is investigated in [3] .Very recently, the problems of delay-dependent robust stability for singularly perturbed stochastic systems by introducing some free weighting matrices, which can be selected properly to lead to much less conservative results [11] . In spite of these results being nice and effective, the stability condition is still conservative.
Singularly perturbed stochastic systems with discrete and distributed delays have also received much attention in recent years since it has a wider application into aircraft stabilization, chemical engineering processes, distributed networks, neural networks, nuclear reactors and population dynamics, etc. This paper presents some simple stability criteria for singularly perturbed stochastic systems with discrete and distributed delays and for singularly perturbed stochastic systems with time-varying delay. For simplicity, we discuss only the case of a delay, which are constant but unknown. We will establish, based on the Lyapunov-Krasovskii functional approach, a new asymptotically stability in mean square by terms of linear matrix inequalities (LMIs).This criteria can be theoretically proved to be less conservative. Numerical example shows that the results obtained in this note are effective and are an improvement over existing criteria.
Preliminaries
In this section, we introduce some preliminary concepts which will be found useful in the paper. Consider the following singularly perturbed stochastic systems with discrete and distributed delays [ ]
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is locally Lispchitz continuous and satisfies the linear growth condition as well, and satisfy F Ω Ρ be a complete probability space with a filtration 0 { } t F ≥ satisfying the usual conditions. ( ) Ε denotes the expectation operator with respect to some probability measure Ρ . Throughout this paper, the following notation will be used. The symmetric terms in a symmetric matrix are denoted by * , e g. ,
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The following definition and lemma will be used in establishing our main results. ( )
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Main Results
In this section, this paper finds new stability criteria less conservative than the existing results. For singularly perturbed stochastic systems (1) with discrete and distributed delays, we shall give asymptotically stable in mean square condition in terms of linear matrix inequalities (LMIs) by the Lyapunov-Krasovskii functional approach, without using any model transformations and bounding techniques.
The result on the asymptotical stability in mean square of singularly perturbed stochastic systems (1) with discrete and distributed delays is presented in the following theorem.
Theorem 1 Let ( ) h t be a differentiable function, satisfying
the singularly perturbed stochastic systems (1) with discrete and distributed delays is asymptotically stable in mean square if there exist matrices with appropriate dimensions 0, 0, 0
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Now, we consider the case in which the system has no uncertainties, i.e., the singular perturbed parameter satisfies [ ]
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For this case, the following theorem holds. Corollary 1 Let ( ) h t be not differentiable or the upper bound of the derivative of ( ) h t is unknown, the certain stochastic systems (7) with discrete and distributed delays is asymptotically stable in mean square if there exist matrices with appropriate dimensions
Z ≥ , such that 
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In this case, by Theorems 1, it is easy to derive the following result. Corollary 2 Let ( ) h t be a differentiable function, satisfying 
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Numerical Example
In this section, we will present a numerical example to illustrate the usefulness of our main results. Consider the singularly perturbed stochastic systems (9) with discrete and distributed delays, data of which are as follows , and we verify that all the conditions of Theorem 1 are satisfied. Thus, the singularly perturbed stochastic system (9) with discrete and distributed delays is asymptotically stable in mean square, and its state chart is shown in Figure. 1 below. It is clear that the state of system (9) reaches equilibrium point after 340 second. When 0 C ∆ = , we verify that all the conditions of Corollary 2 are satisfied. Thus, the singularly perturbed stochastic system (9) with time-varying delay is asymptotically stable in mean square, and its state chart is shown in Figure. 2 below. It is clear that the state of system (9) reaches equilibrium point after160 second. 
Conclusion
This note presents some new stability criteria for singularly perturbed stochastic systems with discrete and distributed delays. New techniques were developed to make the criteria less conservative. The asymptotically stable in mean square condition is obtained by using a Lyapunov-Krasovskii functional approach and terms of linear matrix inequalities (LMIs). It is noted that this condition is obtained without using any model transformations and bounding techniques. A numerical example demonstrates the validity of these methods. The results show that the methods described in this note are very effective.
